The relationship of freezing resistance to water permeability of cortex cells was studied in stems of red osier dogwood (Cornus stolonilera Michx.) In addition, Sakai (10) found that water permeability in mulberry cortical cells also increased with increasing hardiness from October to January, but that maximum permeability was retained until May even though considerable cold hardiness was lost during that period. This questions whether water permeability is directly related to hardiness, particularly during dehardening.
. In nature, damage from this type of freezing is thought to be the cause of sunscald injury to smooth barked tree species and of winter burn damage to foliage of certain evergreen species (15 tended with mercury vapor lamps) at a day/night temperature regime of 20/15 C for 2 months or more. Uniform plants were then subjected to cold acclimating environments in a controlled environment chamber for various periods prior to hardiness and permeability measurements.
Environmental Treatments. The controlled environments used to acclimate plants and the stepwise acclimation of dogwood in response to short days and low temperature have been previously discussed in some detail (8, 14) . Plants were exposed to the following sequence of environmental regimes: (a) a SD (8 hr) warm temperature (20/15 C, day/night) treatment for 4 weeks to induce the initial phase of acclimation to -10 C; (b) a SD (8 hr) cool temperature (15/5 C) treatment for 2 weeks to promote further acclimation to -20 C; and (c) exposure to -5 C for 1 hr, on successive nights, to trigger the frost-induced stage of acclimation to hardiness levels below -65 C; (d) in addition, potted plants were collected from the field during the winter, packed in snow-filled plastic bags and stored at -12 C. These plants were hardly below -75 C. Field plants were also brought into the laboratory and dehardened by thawing overnight at 5 C, then exposed to 21 C for various periods of time before permeability and hardiness testing.
Hardiness Measurements. The hardiness of excised twig sections was assessed as previously described (8) Figure 1 Figure 1 , for example, the t1,2 for living cortex was 2.12 min, while for dead cortex, t1/2 was 0.96 min.
This gave a permeability ratio of 2.28.
The influence of membranes on water permeability was also evident in comparisons of the temperature dependence of THO flux in living and dead strips. This is apparent in Figure 2 where Arrhenius plots of the energy of activation for THO exchange are shown. Between 6 and 25 C, the relationship was linear. The energy of activation for THO exchange in dead samples was 2.14 kcal/mole which is similar to that reported in lobster nerve (9) (16, 17) . Hence other factors, still unknown, can influence the water permeability of plant cell membranes.
The main advantage of the technique is that it is rapid and simple and provides data based on the average response of a large number of cells. However, it may prove useful for directly measuring the changes in permeability of the lipid portion of membranes via studies with radioisotopes like 14C-methyl urea or other lipophilic substances which permeate the membrane more slowly.
No studies yet have unequivocally identified the primary site of injury or the role which water permeability of membranes play in the acclimation process. The data substantiate the results of earlier research which indicated that cell water permeability increases as plants become hardy. However, in cortex cells from Cornus stolonifera, this relationship was clear only during the very early SD-induced phase of acclimation. Additional studies are clearly needed to further our understanding of membrane involvement in both injury and acclimation. The THO flux technique will probably be a useful tool in those endeavors where an alternative to the plasmometric method is desirable.
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